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@ Automated library article terminal. 

@ An automated library article terminal is externally operable 
by the user, to. through a delivery chute mounted and arranged 
to deliver articles through an external wall, automatically stock, 
vend, and selectively accept return of and re-stock, so that they 
can be re-vended, a plurality of reusable articles each having a 
unique code. A memory stores information comprising the 
location of the plurality of articles in the terminal. A control is 
coupled to the memory and is responsive to operation of the 
terminal by a user to generate control signals. A vertical track 
member has a rotational drive responsive to the control signals 
for revolving the vertical track member about a given axis. A 
vertical lift member is mounted for vertical movement on the 
vertical track member. A vertical drive is responsive to the 
control signals for vertically moving the lift member relative to 
the vertical track member. An article handling member mounted 
on the vertical lift member extends and retracts in a generally 
horizontal direction relative to the vertical lift member and can 
be manipulated to selectively engage and release one of the 
articles. A code reader is mounted for reading the code of any 
article transported by the article handling member to or from 
the delivery chute and for generating an article code signal 
representative of the code so read and transmitting the article 
code signal to the memory. Apparatus coupled to the drivers 
generates a signal corresponding to the location of an article 



placed by the article handling member and transmits the 
location signal to the memory. 

FIG I 
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Description 

AUTOiWATED LIBRARY 

The present invention relates to a terminal for use 
in selectively purchasing, renting, and returning 
articles such as library articies inventoried within the 5 
terminal. The terminal apparatus described herein 
contains an inventory of library articies in the form of 
VHS and/or Beta format videotape cassettes. How- 
ever, the terminal apparatus of this invention is 
adaptable for use with other articles. The articles are 10 
to be contained in novel transport cases such those 
articles not contained in these cases cannot be 
returned to a terminal. 

The rapidly growing home video industry is 
triggering an increased home use of pre-taped video 15 
materials be means of either sale or rental, leading to 
a continuing need for consumer oriented accessi- 
bility in the renting, purchasing and returning of 
pre-taped video materials. The present invention is 
directed toward an automated dispensing and 20 
receiving apparatus which carries a varied inventory, 
is easily accessed by the user and is substantially 
tamper-resistant. 

The automated terminal of the present invention 
provides a vending-type apparatus having a plurality 25 
of storage compartments contained within a tamper- 
proof housing. The storage compartments are 
aligned such that each compartment has individual 
coordinates on the horizontal and vertical axes. The 
housing includes a front panel contained within a 30 
front door which offers the user a tabfe of contents 
containing call numbers for the library inventory, a 
credit card scan reader, user oriented selection 
instructions, user oriented finger-operated selection 
panel and an access opening of a return and delivery 35 
chute. The front panel can be opened by an 
authorized caretaker for updating the table of 
contents or to service some of the hardware, e.g. for 
printing receipts, etc. but without access to the 
articies contained in the terminal. The door, ac- 40 
cessible only to authorized service personnel, 
permits direct access to the inventory and to the 
mechanical equipment for vending and accepting 
returns thereof. 

A robot arm located inside the housing with 45 
access to each of the individual storage compart- 
ments operates to retrieve the library articles for use 
and return the articles to a compartment after use. 
The robot arm re-programs a computer memory also 
contained in the housing, with information regarding 50 
inventory availability and location, including the 
location of unoccupied compartments as it moves 
through the retrieval and return operations. 

The terminal of the present invention begins 
operation as the user places his or her credit card 55 
through the card reader slot located on the front 
panel of the housing. The computer, upon reading 
the information contained on the user's credit card, 
activates th selection, panel. The user selects one 
of three modes of operation; "rental'', "purchase", or 60 
"return". After mode selection, in the case of 
videocassette ("tape'*) inventory, the user may also 
select the desired tape size "VHS" or "Beta" at 
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terminals which inventory both types (optional with 
the operator). The user, if purchasing or renting a 
tape, then selects the desired tape by pressing a 
corresponding call number located on the table of 
contents, on the selection finger panel. Upon receipt 
of this requested information, the robot arm moves 
to any compartment In which the memory knows the 
desired tape Is stored. The robot arm retrieves the 
tape (in its storage container) and provides it to the 
user through the chute located on the front panel. If 
the user is purchasing the tape, the user's credit 
card account is charged with the purchase price. If 
the user is renting the tape the credit card 
information is retained within the memory awaiting 
return of the tape by the user. 

If, when beginning terminal operation, the user 
desires to return the tape, the user requests the 
"return" mode of operation. Upon request of the 
"return" mode, the chute opens and the user is 
instructed to insert the used tape (in its storage 
container) into the chute. An information detector, 
such as a bar code render, reviews the returned 
tape. If the information contained on the returned 
tape (and/or its container) correlates with the 
information stored in memory and the tape is 
undamaged, the robot arm retrieves the tape and 
places it in any unoccupied compartment within the 
terminal, recording in the computer memory the 
location of such placement. If, however, the informa- 
tion code contained on the tape is damaged or does 
not properly correlate, the tape is rejected and 
returned to the user. The user's credit card account 
may be charged the purchase price of a tape 
rejected because of damage. 

The present invention provides for an intrusion 
free environment for the storage of the inventory. 
Since the robot arm is self-programmable, the 
authorized caretaker need only insert an identifica- 
tion code and order removal of a specified series of 
the inventory. The robot arm. activated by the 
memory, will locate all copies of the specified 
inventory stored in the compartments and feed 
those articles to the caretaker through the chute. To 
reload the inventory, the caretaker then inserts the 
new articles and the robot arm receives the new 
articles and places them in unoccupied compart- 
ments white recording information regarding each 
new article and its location (compartment) coordi- 
nates in the computer memory. 

Briefly, and in accordance with the foregoing 
considerations, the invention provides a robotic arm 
apparatus for use in a machine that is externally 
operable by the user, to, through a delivery chute 
mounted and arranged to deliver articles through an 
external wall of said machine, automatically stock, 
vend, and selectively accept return of and re-stock, 
so that they can be re-vended, a plurality of reusable 
articles each having a unique code, said apparatus 
comprising: memory means for storing information 
comprising th location of said plurality of articles in 
said machine; control means coupled to said 
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memory means and responsive to operation of said 
machine by a user to generate control signals; a 
vertical track member; rotational drive means re- 
sponsive to said control signals for revolving said 
vertical track member about a given axis; a vertical 
lift member mounted for vertical movement on said 
vertical track member; vertical drive means respon- 
sive to said control signals for vertically moving said 
lift member relative to said vertical track member; 
article handling means mounted on said vertical lift 
member; means responsive to said control signals 
for extending and retracting said article handling 
means in a generally horizontal direction relative to 
said vertical lift member; means responsive to said 
control signals for manipulating said article handling 
means to selectively engage and release one of said 
articles; code reader means mounted in said 
machine for reading the code of any article trans- 
ported by said robotic arm apparatus to or from said 
delivery chute and for generating an article code 
signal representative of the code so read and 
transmitting said article code signal to said memory 
means; and means coupled to said robotic arm 
apparatus for generating a signal corresponding to 
the location of an article and for transmitting said 
article location signal to said memory means. 

The following specific description is intended to 
illustrate an embodiment of the invention of the 
invention, by way of example only, reference being 
made to the accompanying drawings, in which :- 

Fig. 1 is a front elevation of the automated 
terminal apparatus of the invention ; 

Fig. 2 is a perspective view of a portion of the 
automated terminal of Fig. 1 showing a first 
access panel or door member thereof in an 
open position; 

Fig, 3 is a perspective view of the automated 
terminal of Fig. 1 showing a second access 
door in an open position; 

Fig. 4 is a perspective view showing, some- 
what diagrammatically, the interior of the auto- 
mated terminal of Fig. 1 , including a robotic arm 
portion, storage compartments and a delivery 
chute; 

Fig. 5 is a somewhat enlarged and simplified 
sectional view taken generally in the plane of the 
line 5-5 of Fig. 4 and illustrating somewhat 
diagrammatically. operation of the robotic arm 
with respect to the storage compartments and 
delivery chute; 

Fig. 6 is an enlarged partial perspective view 
illustrating further features of the storage 
compartments; 

Figs. 7 and 8, are enlarged front perspective 
views, somewhat diagrammatic in form, illus- 
trating operation of the delivery chute; 

Fig. 9 is an enlarged elevationa! view illustrat- 
ing a vertical track portion and related elements 
of the robotic arm of Fig. 4; 

Fig. 10 is an enlarged partial sectional view 
taken generally in the plane of the line 10-10 of 
Figs. 4 and 9; 

Fig. 11 fs a sectional view taken generally in 
the plane of the line 1 1 -1 1 of Fig, 4; 

Fig. 12 is a sectional view taken g n rally 



along the line 1 2-1 2 of Fig .11; 

Fig. 13 is a sectional, view taken generally 
along the line 13-13 of Fig. 1 1 ; 

Fig. 14 is a partial top plan view taken 
5 generally along the line 14-14 of Fig. 9; 

Fig. 15 is a partial sectional view taken 
generally along the line 15-15 of Fig. 10, and 
also indicating at 10-10 and 11-11 its relation- 
ship to the views of Figs. 10 and 1 1 ; 
-fO Fig. 16 is a side elevational view of an article 

handling means or apparatus portion of the 
robotic arm of Fig. 4; 

Fig. 17 is an end view taken generally along 
line 17-17 in Fig. 16; and 
;5 Fig. 18 is a top plan view taken generally 

along the line 18-18 of Fig. 16. 
Referring to Figs. 1, 2 and 3. the automated 
terminal of the present invention is shown. The 
terminal includes a housing 10 having a front door 
20 panel 12 hinged to open and provide access to the 
interior of the housing 10. The housing 10 contains a 
plurality of storage compartments 14 preferably 
arranged in a concentrically oriented series of rows. 
Also located within the interior of the housing 10 is a 
25 robot arm 16 which accesses each of the individual 
compartments 14. 

Preferably, access to the housing is limited to 
authorized sen/ice personnel, and the panel 12 is 
therefore normally inaccessible and is rarely opened, 
30 except to service the mechanical components 
housed within housing 10. For example, inventory is 
placed in or removed from the compartments 14 by 
the robot arm 16. without opening the door 12, by a 
caretaker having the proper codes (preferably in the 
35 form of a credit card-like authorization card) to 
remove and replace inventory. The full operation of 
the machine will be more fully explained later herein. 

In the preferred embodiment, a video-display 
screen (e.g., a cathode-ray tube). 18 is positioned in 
40 an upper front corner of the housing 10. The display - 
screen is intended for use in displaying continuous 
loop advertising or continuous loop previews of the 
articles (e.g., motion pictures on videocassettes) 
contained within the terminal or "coming attractions" 
45 of future inventory. 

Referring now to the front door panel 12 of the 
housing 10, a window 20 is provided through which 
the video display screen 18 is visible. A display panel 
24, is provided, on which the titles, catalog informa- 
50 tio'n and call numbers of the library inventory are 
listed. The display panel 24 is designed to be opened 
by the authorized caretaker in order to update the 
display information as the inventory of the terminal 
changes. The display panel 24 is also movable 
55 relative to the door 12 to disclose a first access 
opening 26 through which the tape player 28 can be 
supplied with a tape cassette for playback on the 
video display screen 18. 

A second smaller access door or panel 30 is also 
60 located within and at the front side of the door 12 to 
provide access to a receipt printer 32 and to enable 
the attendant to replace the receipt paper 34 on 
which the information and receipts for rentals and/or 
purchases is printed. The receipts are provided to 
65 the user through the receipt slot 36. Also located on 
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the rear of the door 30 under the display panel 24 
and accessible to the authorized attendant are 
electric circuit components for operating the printer 
32. 

A credit card magnetic reading slot 38 is located 
on the outside of the door 30. The card slot 38 
enables the user to activate the terminal of this 
invention for the purpose of purchasing, renting or 
returning inventoried library articles. A button type 
finger panel 40 is provided adjacent the card slot 38. 
The finger panel 40 provides the user with the 
following functions: selection of the mode of 
operation of the terminal (i.e., purchase, rent or 
return); optionally, selection of a videocassette 
format (i.e., Beta or VHS); and, the ability to select 
the call number correlating to an article the user 
wishes to rent or purchase. Instructions for oper- 
ation of the finger panel 40 are provided in user 
friendly form on a LED readout 42. A tape delivery 
and return chute 44 provides the sole user and/or 
caretaker access to receive or otherwise remove an 
article from the terminal or to return or otherwise 
deliver an article to the terminal through its access 
opening 43. 

An additional plurality of "flip-card" mounting 
racks 45 are also provided hingedly mounted to 
either side of the panel or door 30. These flip-card 
racks are adapted to contain the printed boxes or 
other similar film promotional material briefly de- 
scribing and/or promoting the various cassettes 
available within the terminal 

Referring now to Figs. 4 and 9, the robot arm will 
be briefly described. The robot arm 16 includes a 
hollow-core vertical track member 46 which extends 
the full vertical length of the housing 10. The track 
member 46 is located, preferably coaxially, within the 
inner diameter of the concentric stack of compart- 
ments 14 and is fixed for revolution about a vertical 
axis. A vertical lift member 48 is mounted on the 
vertical track member 46 and is movable the full 
vertical length of the track member 46. The vertical 
lift 48 carries an article handling means or member 
50. The article handling member 50 is used to 
retrieve and transport the library articles (e.g., 
videocassettes in storage containers) housed in the 
individual compartments. Also mounted on the 
vertical lift 44 is an optical, electronic bar code 
reader 52. The bar code reader is adapted to read a 
bar code information strip located on each videocas- 
sette and/or its container 55 (see also Fig. 16). 

The vertical track member 46 is positioned for 
revolution about the vertical axis on revolving 
assembly 54. Referring briefly to Figs. 10 and 1 1 , the 
revolving assembly 54 compr-ses a large gear 
member 56 driven by a worm ge ^r 58 and a motor 60. 

Referring briefly to Figs. 9 and 14. the vertical lift 
48 is driven by a motor 66, belt 53. and counterbal- 
ance 70. In the preferred embodiment, the counter- 
balance 70 travels through the hollow core of the 
track member 46 in opposition to the lift member 48. 

Referring briefly to Figs, 16-18. the article handling 
member 50 is mounted for horizontal movement on 
the vertical lift 48. The horizontal movement is 
provided by means of a rack 72 and pinion gear 
member 74. The pinion gear member 74 is driven by 



a motor 76. 

The article handling member 50 includes an 
L-shaped hook-like finger 80. Upon activation, the 
finger 80 is driven through the coordination of motor 
5 76 and motor 66 into a position wherein it enters a 
"handle" or lip-like overhang 86 of the library article 
container or case 55. Thus further movement 
horizontally of finger 80 pulls or pushes the case 55 
therewith. 

10 Referring briefly to Figs. 7 and 8, the chute 44 of 
the present invention is shown in further detail. The 
chute 44 includes a sliding door or cover member 88 
which is operated by a motor 92 and linkage 
arrangement (not shown). The door 88 of the chute 

15 44 remains locked in the closed position as shown in 
Fig. 8 until a user submits information from his credit 
card by way of the credit card slot 38. Upon receipt 
of the desired information from the credit card, the 
motor 92 is activated to operate the linkage and 

20 open the door 88. Once the door 88 is open, the 
robot arm 16 will provide a videocassette in its case 
55 through the chute 44 to the user, or the user may 
return a case 55 containing a videocassette to the 
inventory if desired. 

25 Referring now to Figs. 5 and 6, the storage 
compartments 14 of the present invention are shown 
in further detail. The compartments comprise a 
plurality of concentrically arranged, stacked trays 94. 
Each tray 94 includes a plurality of article (e.g., a 

30 videocassette or "tape" in a case) acceptance lots 
96. Each slot 96 is individually accessible by the 
robot arm 16 and article handling member 50. The 
individual slots 96 have individual coordinates pro- 
grammed into the memory of a computer which may 

35 be on-board as diagrammatically indicated at 101 
(Fig. 3), or accessed remotely via a modem, or some 
combination thereof. As the robot arm places an 
article in a specific slot or removes an article from a 
specific slot, the memory automatically re-programs 

40 the data relating to the article contained in the slot 96 
or the fact that the slot 96 is unoccupied, in 
connection with the specific coordinates of the slot 
96. Additional "locator" indicia 98, 100 are associ- 
ated respectively with each slot 96 and with opposite 

45 ends of each tray 94. The article handling member 50 
is further provided with a photosensor member 102 
for locating these indicia and feeding the information 
back to the computer. 
The automated terminal of the present invention is 

50 used for the purpose of purchasing or renting a 
videocassette article ("tape") as follows. 

The user approaches the terminal and inserts a 
credit card into the reader slot 38. Upon receipt of 
acceptable information from the credit card, instruc- 

55 tions for operation of the terminal are printed on the 
LED readout 42. The user is instructed to select the 
mode ("RENT". "PURCHASE" or "RETURN") in 
which he wishes the terminal to operate. If the user 
selects either the purchase or the rent mode, the 

60 user may be further instructed to choose the tape 
format desired (VHS or Beta, assuming both formats 
are available at this terminal). Upon selection of the 
tape format, the user will be instructed to punch the 
call number for the specific article desired into the 

65 finger panel 40. The call numbers are located on the 
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display panel 24 containing the catalog information. 

Upon receipt of the call number the computer 
directs the robot arm 16 to position the article 
handling member 50 in a position in alignment with 
an article acceptance slot 96 which the memory of 
the computer recalls as containing a copy of the user 
specified article, and as will be verified by optical 
reading of the corresponding indicia on the article 
and/or its case. The finger 80 of the gripper member 
50 is extended by operation of the rack 72 and pinion 
gear 74 to engage the handle or lip 86 of the case 55 
containing the desired tape and then retracted to 
remove the case form the tape acceptance slot. At 
this point, the optical reader verifies the identity of 
the article. Upon verification, the robot arm 16 
returns to a position behind the chute 44 and inserts 
the case through the chute 44 to the user. A receipt 
is printed by the receipt printer 34 indicating the 
rental or purchase of the specified article and is 
extended to the user through the receipt slot 36. 

it should be noted that an important aspect of the 
present invention is the self-programming robot arm 
16 and its cooperation with a computer memory and 
the fact that there are no pre-assigned slots for any 
specific article. The robot arm 16 continuously 
re-programs the computer memory with respect to 
the location of all articles and all unoccupied slots 
96. In operation, the bar code reader 52 receives 
information describing each article and supplies this 
information to the computer. 

• When a tape is returned, the user initially selects 
the return mode and tape format (if applicable) and 
then inserts the case into the chute. If the case is 
accepted, the bar code reader reads the code on the 
tape and/or its case. The computer memory, upon 
receipt of the bar code information, directs the robot 
arm 16 to place the article in any unoccupied slot 96. 
The robot arm 16 inserts the article into a slot 96 and 
the computer memory records the coordinates of 
that specific slot, thus preserving the slot location in 
correlation with the information contained on the 
tape and/or case. This feature greatly facilitates ease 
of stocking and restocking of the terminal. An 
attendant or caretaker, having a list of inventory 
desired to be removed from the terminal enters the 
call numbers for the specific articles and the 
computer instructs the robot arm 16 to remove each 
of the desired articles individually and return them to 
the caretaker through the chute 44. The attendant 
then places any new article inventory into the chute, 
the computer records the information contained on 
the bar code and the robot arm places the new 
inventory in empty slots within the storage compart- 
ment 14. recording the locations of the slots 
selected and identity of the new inventory placed 
there. 

Having described briefly some of the basic 
structure and operation of" the present invention, 
reference is now invited in some further detail to the 
various drawings, so that further features may be 
described in yet further detail. 

Figs. 9 and 14 illustrate som further detail of the 
motorized drive arrangement for the vertical lift 
assembly 48. As previously indicated, the motor 66 
lifts and lowers the vertical lift assembly 48 by means 



of a belt 68 and counterbalance 70. More particularly, 
the motor is coupled with an overhead pulley 120 for 
driving the belt 68 through an assembly including 
respective speed reducing belt-driven pulleys 122, 
5 124 and interconnecting belt 126. The latter pulley 
122 is coupled to a transverse shaft 128 which is 
rotatively journalled in suitable bearing blocks 130, 
132 for rotating the pulley member 120. 

Moreover, the foregoing components are all 
10 mounted on a suitable mounting plate 135 which is 
mounted atop the vertical track member 46. This 
mounting plate also mounts a guide tube member 
138 which received and guides the forward or return 
portion of the belt 68 therethrough. It will be seen 
15 that opposite ends of the belt are connected to the 
counter weight 70 and vertical lift assembly 48. 

Referring also briefly to Fig. 15, the opposite end 
of the belt 126 is looped about a bottom pulley 134 
located at a bottom of the vertical track member 46. 
20 Preferably, the motor 66 is an AC stepping motor, 
such that incremental units of motion of the vertical 
lift assembly 48 may be measured in terms of steps 
of the motor 66. These states may be counted by a 
suitable control portion of the computer 101 electri- 
cs cally coupled for driving the motor 66 in stepwise 
fashion. Additional position sensing means may also 
be operatively associated with the vertical drive 
arrangement for Independently determining and 
thereby verifying the position of the article handling 
30 means on the vertical lift assembly 48. This may be 
done by providing additional position signals which 
may be compared with the motor step signals in the 
computer to verify correct positioning of the article 
handling means. This additional position sensing is 
35 preferably provided in the form of an additional 
elongate, stationary tape-like member 135 attached 
along the length of the extrusion forming the vertical 
track 46. The tape contains spaced black and white 
or other similar markings or interlineations thereon 
40 which may be viewed by a further photpsensitive . 
device or optical reader 140 (indicated only diagram- 
matically in Fig. 9) mounted on the body of the 
vertical lift assembly 48. This latter tape 135 and 
optical reader 140 are an alternate, optional feature 
45 and are therefore indicated only diagrammatically 
and only in the illustration of Fig. 9. 

Preferably, the belt 68 is a relatively rigid timing- 
type of belt having accurate notches of equal angular 
spacing therein and the driven pulley 120 has a 
50 gear-like circumferential configuration for accurately 
driving the belt 68, as indicated somewhat diagram- 
matically in Fig. 14. A similar tape and reader 
combination may also be used, if desired, with 
respect to the horizontal motion of the article 
55 handling means 50, but the same has not been 
illustrated in detail herein. Rather, further details of 
the article handling assembly 50 and the vertical lift 
48 upon which it is mounted are indicated in 
Fig. 16-18, to which further reference will be had later 
60 herein. 

Referring now to Figs. 10-13 and 15. further details 
of the rotational drive means and of the manner in 
which the vertical lift is attached thereto for rotation 
about a given vertical axis are illustrated. Referring 
65 initially to Fig. 10, the vertical track 46 will be seen to 
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form a hollow elongate extrusion which is mounted 
to a generally flat, essentially rectangular plate 150 
comprising a part of revolving assembly 54. The plate 
150 caries the track 456 to one side thereof and to 
the other side thereof mounts a rigid shaft member 
152. The shaft member 152 is mounted for rotating 
the plate 150 thereabout and hence defines the 
rotational axis thereof, as well as the axis about 
which vertical track 46 rotates. Additional shock 
absorbing mounting feet, preferably in the form of 
enlarged, grommet-like members 156 of rubber or 
similar elastomeric material in turn mount the plate 
to the large gear 56. In the illustrated embodiment, 
these elastomeric shock mounts are three in 
number and are mounted respectively to the plate 
150 and gear 56 by elongate threaded fasteners 158 
such as nuts and bolts. 

As previously mentioned, the worm gear 58. 
rotated by motor 60. engages and rotates gear 56. In 
addition, the motor 60 is also an AC stepping or 
stepper motor (i.e. as described above with ref- 
erence to motor 66). Accordingly, the rotation of the 
shaft 160 and hence of worm gear 158, gear 56 and 
ultimately the angular position or rotational move- 
ment of the entire assembly can be monitored by 
keeping track of the number of pulses or steps of the 
stepper motor 60 from a given zero reference or 
base line. 

Preferably, the motor 60 is coupled for rotating 
worm gear 58 through an elongate, and preferably 
precision ground gear shaft 160, which runs entirely 
through worm gear 58 and is further rotatably 
journalled to either side thereof by heavy duty 
bearings 162. 163 mounted to a large, relatively rigid 
mounting frame 164. This frame 164 is additionally 
spring-loaded by means of a fixed block 166 and 
compression spring 168 so as to assure full contact 
between the gears 58 and 56 at all times. 

To this end, the frame or carriage 164 is also 
mounted for a limited degree of pivotal rotational 
motion about a pivot means or assembly 166 
including an enlarged pivot shaft 168 and suitable 
bearing means 169 mounting the same to the frame 
164 (see Fig. 12). It will be noted that motor 60 is not 
carried on the frame 164. but is provided with a 
flexible coupling 170 to accommodate the pivoting of 
frame 164. 

Advantageously, the foregoing arrangement helps 
maintain essentially zero backlash or relative move- 
ment between the teeth of the gears 56, 58 by 
assuring that the same are in tight engagement at all 
times, the spring loading even compensating to a 
degree for relative wear in the gear teeth during 
operation over a long period of time. 

Referring also to Fig. 13, the shaft 152 is pressed 
into the gear 56 and also into a heavy duty bearing 
assembly 172 which is rigidly mounted to a platform 
or base member 174. Further, in order to provide a 
check on the angular position or rotational motion of 
gear 56 and hence of the vertical shaft assembly 46 
and vertical lift assembly and articl handling means 
48, 50 an additional optical backup is provided. This 
backup takes the form of an inverted cup-like disk 
180 which has a plurality of alternating teeth and 
notches 182 therein. An optical sensor or photosen- 



sitive device 190 is positioned for viewing a side 
surface of this disk 180 as it rotates in unison with 
gear 56 to which it is suitably attached. A zero 
reference or home position may be provided by 

5 providing on the disk at least one relatively enlarged 
notch 184, as illustated, or alternatively, one rela- 
tively enlarged tooth, i.e. "skipping" one of the 
regularly spaced notches 182 thereabout. Accord- 
ingly, as with the vertical drive system previously 

10 described, the computer 101 may receive and 
compare relative position signals both from stepper 
motor 60 and from optical sensor 190 and compare 
the same to assure accurate angular positioning of 
the article handling means relative to the individual 

15 articles within the respective slots 96. 

As best viewed in Fig. 16, the drive arrangement 
for advancing and retracting the article handling 
means, and particularly the article-engaging finger 
80 thereof, is coupled to be driven by motor 76 

20 through an arrangement including a pulley 180 
coupled to motor 76, a belt 182 and a second pulley 
184 which is in turn coupled for rotation in unison 
with the pinion gear 74. Pinion gear 74 advances and 
retracts the slidabiy mounted rack member 72 as 

25 previously described. The entire assembly 48 is 
mounted for vertical motion relative to the elongate 
vertical track 46 by a system including rotating pairs 
of guide wheels 190 which embrace and run along a 
track-like edges 192 of the extrusion forming the 

30 vertical track 46. Additional guide members 196 may 
also be provided for embracing or otherwise running 
along complementary edges of the track 46 to 
assure essentially wobble-free engagement and 
movement of the vertical lift member 48 thereupon at 

35 all times. The rack member 72 is mounted to an 
elongate extrusion 200 which has track-like edges 
mounted for advancing and retracting horizontally 
between respective paired guide wheels or rollers 
202, 204, coupled to a frame member or portion 206 

40 of the vertical lift member or assembly 48. The article 
handling means or assembly 50 includes an elongate 
generally rectilinear open-topped and open-ended 
trough-like housing portion 210 for accepting a case 
55. The housing or trough 210 preferably includes 

45 flared out leading side edge portions 212 and a 
somewhat flared or downwardly angled entrance lip 
214 extending from a floor or bottom portion 216 
thereof. 

Referring again briefly to Fig. 6, accurate position- 

50 ing for reliably engaging and retrieving and also for 
returning each case 55 with respect to a slot or 
receptacle 96 is accomplished by optically reading 
or locating the locator indicia 98, 100, and coordinat- 
ing these locations with the accurate vertical and 

55 rotationar motion obtained by the stepper motors 
and auxiliary optical sensor arrangement described 
above. Accordingly, at respective opposite ends of 
each arcuate shelf 94 is an enlarged and preferably 
white, square indicator mark 100. A similar preferably 

60 square, white indicator mark 98 is located at a fixed 
position relative to each compartment or slot 96. 

In operation, the robot arm program contained in 
the computer 101 will, each time the unit is activated, 
direct movement of the robot arm to the theoretical 

65 and memorized center of each of the white squares 
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100 located at the ends of the respective shelves 94, 
and scan along respective edges of each square, 
checking the stored location thereof in terms of 
steps of each of motors 66. 76 against the previously 
memorized locations thereof, and making correc- 
tions if necessary. The computer is also pre-pro- 
grammed with the number of steps of each motor 
between each shelf 94 and between each suc- 
cessive one of the compartments or slots 96, 

Accordingly, upon ordering of one of the casset- 
tes by a customer or attendant, the computer finds 
in memory the location of that item or article, and in 
particular, the location of the compartment or the 
slot in which it is stored, that is, the memorized 
coordinates in terms of motor steps to reach this 
location from a home or baseline, zero-reference 
position of the robot arm. The arm then returns to its 
baseline or home position and the necessary 
number of motor steps are executed to reach the 
theoretical center of the desired compartment or 
slot 96. Thereupon, the optical sensor 102 scans the 
associated locator square 98 and again checks the 
observed location thereof with the memorized 
location thereof in terms of memorized motor steps, 
and makes the necessary adjustment in position^ if 
any, to accurately align the article handling appara- 
tus 50 with the compartment 96 for removal of the 
case 55 therefrom. 

The article handling apparatus will initially be 
positioned somewhat below center with respect to 
the case 55 so that the retrieval finger 98 may be fully 
advanced into registry with the lip or handle 86. 
Thereafter the vertical lift 48 is raised by the 
necessary amount to engage the finger 80 with the 
lip 86, whereupon the finger may be withdrawn so as 
to draw the desired article 55 into the trough or 
compartment 210. Thereupon the robot arm is 
rotated and lifted or lowered the amount necessary 
to place the same in registry with the delivery chute 
assembly 44. 

In returning an article in its case 55 to storage, 
essentially the opposite operation is performed and 
the new location of the article is memorized once it is 
placed in an available slot or compartment 96. 

In accordance with a preferred form of the 
invention, it will also be noted that the slot or 
opening of the delivery chute 44 (indicated, for 
example, in Figs. 7 and 8 at reference numeral 220) is 
of unique dimensions, such that the case 55 is of 
complementary unique dimensions for interfitting 
therewithin. It should be noted that this combination 
of unique complimentary dimensions of opening 220 
and case 55 make it difficult or even impossible to 
return an article which does not share these unique 
dimensions. In this regard, the chute assembly 44 is 
provided with further sensor means at respective 
margins of the opening 220 (diagrammatically illus- 
trated at 222. 224 in Fig. 7). which must be tripped or 
activated in order to accept an article introduced 
therewithin. These sensors or other means may take 
the form of microswitches or the like which may be 
activated either directly or indirectly by means of 
suitably placed rollers, levers, linkages or the like, 
such that only an object of substantially the same 
dimensions as the cases or containers 55 will reliably 



activate all of these sensors and thereby indicate 
that an acceptable article has has been placed within 
the opening 220 of the delivery chute 44. Accord- 
ingly, objects with larger dimensions simply will not 
5 fit within the entry and objects which have any one 
smaller dimension will fail to activate the suitable 
sensor and hence be rejected. 

As a further advantage, the terminal of the present 
invention is capable of printing its own table of 

10 contents to be displayed on display panel 24. In this 
regard, the attendant or caretaker may command the 
receipt printer 32 to actually print in strip form the 
table of contents or catalog of articles for insertion in 
the display panel 24. It will be seen that the display 

15 panel 24 (see for example Fig. 1) includes a plurality 
of individual columns 224 which are sized to accept 
the individual strips 225 printed by the printer 32. The 
provision on the onboard computer 101 and its 
ability to read and identify the bar codes on individual 

20 articles, as well as memorize the location of each 
article in the storage compartments 96 makes this 
printing of the table of contents possible. As 
previously mentioned, the computer 101 may further 
communicate with a central control computer via a 

25 modem (not shown) to exchange various other 
information regarding the inventory on hand, condi- 
tion of the inventory, frequency of rental of individual 
items and customer credit and account information. 
While particular embodiments of the invention 

30 have been shown and described, it will be obvious to 
those skilled in the art that changes and modifica- 
tions of the present invention, in its various aspects, 
may be made without departing from the invention in 
its broader aspects, some of which changes and 

35 modifications being matters of routine engineering 
or design, and others being apparent only after 
study. As such, the scope of the invention should 
not be limited by the particular embodiment and 
specific construction described herein but should 

40 be defined by the appended claims and equivalents- 
thereof. Accordingly, the aim in the appended claims 
is to conver all such changes and modifications as 
fall within the true spirit and scope of the invention, 

45 

Claims 

1. A robotic arm apparatus for use in a 
machine that is externally operable by the user, 

SO to, through a delivery chute mounted and 

arranged to delivery articles through an external 
wall of said machine, automatically stock, vend, 
and selectively accept return of and re-stock, 
so that they can be re-vended, a plurality of 

55 reusable articles each having a unique code, 

said apparatus comprising: memory means for 
storing information comprising the location of 
said plurality of articles in said machine; control 
means coupled to said memory means and 

60 responsive to operation of said machine by a 

user to generate control signals; a vertical track 
member; rotational drive means responsive to 
said control signals for revolving said vertical 
track member about a given axis; a vertical lift 

65 member mounted for vertical movement on said 



7 



BNSOOQD: <£P_03«2S4AaJL> 



13 



EP 0 349 284 A2 



14 



vertical track member; vertical drive means 
responsive to said control signals for vertically 
moving said lift memb r relative to said vertical 
track member; article handling means mounted 
on said vertical lift member; means responsive 5 
to said control signais for extending and 
retracting said article handling means in a 
generally horizontal direction relative to said 
vertical lift member; means responsive to said 
control signals for manipulating said article 10 
handling means to selectively engage and 
release one of said articles; code reader means 
mounted in said machine for reading the code 
of any article transported by said robotic arm 
apparatus to or from said delivery chute and for 15 
generating an article code signal representative 
of the code so read and transmitting said article 
code signal to said memory means; and means 
coupled to said robotic arm apparatus for 
generating a signal corresponding to the loca- 20 
tion of an article and for transmitting said article 
location signal to said memory means. 

2. Apparatus according to claim 1 wherein 
said memory means retains information regard- 
ing the location of each said article within the 25 
machine, and, upon return of an article by a 
user, will automatically record the location to 
which said returned article is transported by 

said robotic arm apparatus. 

3. Apparatus according to claim 1 wherein 30 
the user operated control means provides three 
distinct modes of operation, wherein the user 

may purchase the article, rent the article or 
return the article. 

4. Apparatus according to claim 1 wherein 35 
said location signal generating means com- 
prises position sensing means operatively as- 
sociated with said rotational drive means for 
determining the angular position of said vertical 
track member and for providing corresponding 40 
position signals. 

5. Apparatus according to claim 4 wherein 
said position sensing means comprises optical 
sensing means oriented for observing the 
rotational motion of said vertical track member 45 
and indicia means for quantifying said rotational 
motion. 

6. Apparatus according to claim 5 wherein 
said vertical and rotational drive means com- 
prise stepper motors and wherein said position 50 
sensing means include means for producing 
position signals corresponding to incremerits of 
rotation of each of said stepper motors. 

7. Apparatus according to claim 5 wherein 

said indicia means include incremental mark- 55 
ings located on said apparatus observable by . 
said optical sensing means. 

8. Apparatus according to claim 6 wherein 
said indicia means include incremental mark- 
ings on said apparatus observable by said 60 
optical sensing means. 

9. Apparatus according to claim 8 wherein 
said control means includes means for compar- 
ing the signals from said optical sensing means 

and said position signal producing means and 65 



for producing a malfunction signal in the event 
the two signals do not correspond to the same 
relative motion of said article handling means. 

10. An automated machine for use in the 
storage, vending and receipt of articles com- 
prising, in combination: an external wall having 
a delivery chute mounted thereto and extending 
therethrough, control means accessible for 
operation externally of said machine by a user 
to automatically stock, vend and selectively 
accept return of and re-stock, so that they can 
be re-vended, a plurality of reusable articles 
each having a unique code; storage means 
having a plurality of individual compartments, 
each for storing one of a plurality of said 
articles; retrieval means movable relative to said 
storage means for retrieving user-selected 
articles from said compartments and for deliver- 
ing the retrieved article to a user by way of said 
delivery chute, and for retrieving a returned 
article said delivery chute and placing said 
returned article in an unoccupied one of said 
compartments; memory means for storing 
information comprising the location of said 
plurality of articles in said machine; code reader 
means mounted in said machine for reading the 
code of any article handled by the retrieval 
means and for generating an article code signal 
representative of the code so read, and trans- 
mitting said article code signal to said memory 
means; and means coupled to said retrieval 
means for generating a signal corresponding to 
the location of an article and for transmitting 
said article location signal to said memory 
means. 

11. A machine according to claim 10 wherein 
said control means is coupled to said memory 
means and responsive to operation by said user 
to generate control signals. 

12. A machine according to claim 10 wherein 
said retrieval means comprises a robotic arm 
apparatus comprising: a vertical track member; 
rotational drive means responsive to said 
control signals for revolving said vertical track 
member about a given axes; a vertical lift 
member mounted for vertical movement on said 
vertical track member; vertical drive means 
responsive to said control signals for vertically 
moving said lift member relative to said vertical 
track member; article handling means mounted 
on said vertical lift member; means responsive 
to said control signals for extending and 
retracting said article handling means in a 
generally horizontal direction relative to said 
vertical lift member; and means responsive to 
said control signals for activating said article 
handling means to selectively engage and 
release one of said articles. 

13. A machine according to claim 10 wherein 
said compartment means are arrayed in gener- 
ally horizontally stacked, arcuate rows, each 
row comprising a plurality of said compartment 
means in generally side-by-side array; and 
further including indicia means associated with 
said rows and with said compartments; and 
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sensor means associated with said retrieval 
means and responsive to said Indicia means for 
producing position signals corresponding to 
the position of said retrieval means relative to 
said indicia means and for transmitting said 5 
signals to said control means. 

14. A machine according to claim 13 wherein 
said indicia means include indicia for marking 
respective ends of each arcuate row and indicia 
means for marking the location of each individ- 10 
ual compartment. 

15. A machine according to claim 14 wherein 
said control means further includes means for 
companng the position signals produced in 
response to said indicia means to signals 15 
generated by said rotational and vertical drive 
means for properly aligning the retrieval means 

with each compartment for retrieving or replac- 
ing and article from or to said compartment. 

16. A machine according to claim 10 wherein 20 
each of said plurality of reusable articles is 



contained within a case; wherein said delivery 
chute has unique dimensions; and wherein 
each said case has unique dimensions com- 
plementary with said delivery chute dimensions, 
such that any non-conforming case and/or 
articles cannot be introduced into the machine 
through said delivery chute. 

17. A machine according to claim 16 and 
further including means associated with said 
delivery chute for rejecting any article intro- 
duced thereto which does not have said unique 
dimensions of said case. 

18. A machine according to claim 10 wherein 
said machine further includes a receipt printer 
operatively coupled with said memory means 
for printing receipts for customers upon rental 
and return of articles, said receipt print and said 
memory means being further accessible by an 
authorized attendant for printing a table of 
contents of the articles inventoried in said 
machine for display upon said machine. 
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@ Automated library article terminal. 

@ An automated library article terminal is externally operable 
by the user, to, through a delivery chute mounted and arranged 
to deliver articles through an external wall, automatically stock, 
vend, and selectively accept return of and re-stock, so that they 
can be re-vended, a plurality of reusable articles each having a 
unique code. A memory stores information comprising the 
location of the plurality of articles in the terminal. A control is 
coupled to the memory and is responsive to operation of the 
terminal by a user to generate control signals. A vertical track 
member has a rotational drive responsive to the control signals 
for revolving the vertical track member about a given axis. A 
vertical lift member is mounted for vertical movement on the 
vertical track member. A vertical drive is responsive to the 
control signals for vertically moving the lift member relative to 
the vertical track member. An article handling member mounted 
on the vertical lift member extends and retracts in a generally 
horizontal direction relative to the vertical lift member and can 
be manipulated to selectively engage and release one of the 
articles. A code reader is mounted for reading the code of any 
article transported by the article handling member to or from 
the delivery chute and for generating an article code signal 
representative of the code so read and transmitting the article 
code signal to the memory. Apparatus coupled to the drivers 
generates a signal corresponding to the location of an article 



placed by the article handling member and transmits the article 
location signal to the memory. 
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